A new type of spectrophotometer is designed for the measurement of the angular distribution of sky radiation in a monochromatic range and also for that of spectral distribution of direct solar radiation.
The principal parts of the instrument a the telescope, a double monochrometer and a multiplier phototube. The opening angle of the telescope is about 54 ' and a special precaution is taken for removing stray light in the instrument and so the measurement of skylight as near as one degree from the sun is possible.
Using this instrument
we measured the spectral intensities of direct sunlight and those of the sun's aureole as far as 10 degrees with an interval of one degree for various altitudes of the sun.
On the basis of the results of observation the spectral distribution of atmospheric extinction coefficient and the angular distribution of sky radiation were considered.
As regards the spectral distribution of extinction coefficient observed curves showed two regions of different tendencies, namely a steep rising toward the shorter wave-length in the blue and ultra-violet region and a comparatively flat tendency in the yellow and red region. The anomalous transmission in the near ultra-violet which was discussed by DEIRMENDJIAN and SEKERA (1956) could not be found according to this observation.
One of the observed characteristics of the angular distribution of sky radiation is the tendency in the ultra-violet region at a very low sun elevation, where the sign of the gradient is reversed as compared with the other wave-lengths.
This tendency was explained by calculation as the effect of multiple scattering.
As to the effect of dust particles, a preliminary analysis was done using the results of calculations of DEIRMENDJIAN (1957) and those of BULLRICH (1952) concerning, respectively, the measurement of extinction coefficients and that of aureole.
Marked deviation from the inverse fourth power law seems to exist concerning the size distribution of dust particles as far as the preliminary results are concerned.
Introduction
It has been known for a long time that the phenomenon of aureole, the white light immediately around the sun, is caused by the suspended matters of the at-K. Sekihara and K. Mural Vol. XII No. 1 mosphere.
But it is only during these several years that this phenomenon has become a subject of rigorous scientific treatment.
The most outstanding development brought about in this field after world War II was the theoretical one originating from the work of S. CAHNDRASEKHAR (1950 CAHNDRASEKHAR ( ) , (1951 CAHNDRASEKHAR ( ) , (1954 and then succeeded by Z. SEKERA and his co-workers (1955) . On the other hand, in Europe where there is a long tradition in this research field substantial works, theoretical as well as observational, have been done recently by many authors. Thanks to their efforts it has now become possible to obtain a knowledge regarding the size and amount of suspended matters of the atmosphere from the observation of the atmospheric extinction coefficient and the sun's aureole.
Restricting
ourselves to observational studies there are a few papers noted at present, for example, those of F. VoLz (1954) and G. NEWKIRK (1956) . All of these are the modification of coronagraphs, using a photographic photometry and suited for the measurement within the range of a few degrees distant from the sun. Since the effect of atmospheric dust becomes pronounced already in the range less than ten to fifteen degrees distant from the sun, it will be desirable to construct an apparatus suited for this specific purpose.
Owing to the kind advice and help of Prof. J. KO'ANA of Tokyo University, Department of Physics, we were able to construct a telescope and a double monochrometer specially designed for the purpose of such observation.
We shall describe below the details of the apparatus as well as the preliminary results of measurement and analysis.
Instrumental
The main components of the instrument are the telescope and the spectrophotmeter.
Moreover the spectrophotometer consists of a double monochrometer and a photometer of multiplier phototube.
( Fig. 1) 
a) Telescope
The most important property required for our purpose is the sufficient accuracy with respect to the direction of incident light which is also free from stray light. Fig. 2 shows the diagram of the telescope, where the incident light comes through the lens L1, focusing at the concave mirror M1. There is a small hole at the center of M1 admitting only the light of the desired direction and reflecting the other light into the absorbing black room B. Then through the lens L2 and also doubly reflected by the mirrors, the image is again focused on the entrance slit of the double monochrometer S. The focal length of the lens L1 is 193 mm and the diameter of the hole of the mirror M1 is 3 mm, and so the opening angle is 54'. In the actual case, however, all of the incident light do not come into the photometer but the small area of the entrance slit greatly diminishes the amount of light beams. Considering the slit area to be 0.005 x 0.5 cm' and the optical distance between the first lens and the slit to be 56.2 cm, the effective solid angle of the photometer is 7.92 x 10-7 steradians.
The telescope can be located in any direction moving in the vertical or horizontal circle by use of gear connexions similar to those of the theodolite. A double monochrometer and a multiplier phototube make a spectrophotometric part.
The double monochrometer is one of the usual Littrow type spectrometer using two quarts 30° prisms.
A diagram of the optical system and the curve of dispersion versus wave length are shown in Fig. 3 and Fig. 4 .
A multiplier phototube of the type RCA 1 P 28 is contained in a brass box which is mounted at the exit slit. 100 V power supply with a stabilizer is given by the usual electrical circuit and it is divided into ten stages by 100 KS) resistances. The input voltage is variable from 500 V through 1000 V continuously.
In order to avoid the trouble caused by the polarization of incident light, a diffusing plate of sintered quarz is attached in front the entrance slit.
At times of a very weak light intensity we used an amplifier set of several score to one thousand times amplification.
Calibration
There is a very large difference among the light intensities of the sunlight of varying zenith angles, and especially between those of direct sunlight and sky light. It is very difficult to make measurement on the same conditions of slit width or amplification in so wide a range of light intensities.
Actually we used the change of power supply to the multiplier phototube and also the change of slit width of the double monochrometer.
And thus a certain procedure of calibration was necessary in order to express the observed data in a unified form.
We did such calibration in the laboratory with a 500W standard incandescent lamp with respect to a certain wave length using the inverse square law experiment.
The results are given in Fig Concerning the linearity properties of this instrument we always took care so as to make measurement within a response range of 10 1tA of the photoelectric 
Observation
Measurement was done at the Oiwake observing ground of Karuizawa Meteorological Station (36° 20' N, 136° 36' E) at an elevation of 1000 meters above the sea level from 4th to 7th of February 1960. The climatic conditions were generally the typical winter type, with fine weather and a north-west monsoon.
The number of wave lengths chosen for the measurement were 12 for direct sunlight and 4 for skylight, both beginning from ultra-violet through red region. As to the direction of sky light, six directions, namely 2°, 3°, 4°, 5°, 6° and 10° from above the sun in the sun's vertical plane, were chosen. The correct direction was determined chiefly by means of an auxiliary collimating telescope, operating the locating handle so as to settle the sun's image in the visual field to a certain point of direction.
Two people were needed simultaneously, that is, for the adjustment of directions and for reading the microammeter deflections. It took about 20 minutes for one series of measurement and the measurement was done every one hour or so.
The sun's elevation was determined both at the beginning and the ending of every set of measurement.
Results
The most satisfactory expression of the observed data will be to express all the data in terms of extra- Aside from the possibility of experimental errors they considered this feature as a characteristic of maritime atmospheres where the existence of large water-coated particles played a significant role. In the data of Sacramento Park or Climax observed by R. STAIR that were considered to show the properties of a continental air mass, no such characteristic could be seen. These data as well as ours, where the molecular attenuation was subtracted similarly in both cases, are shown in Fig. 9 . In our data this remarkable decrease of attenuation cannot be said to exist. Considering that the measurements were done in the winter season where the continental monsoon prevailed, it can be said reasonable that we have seen the continental characteristics in these curves.
Recently D. DEIRMENDJIAN (1956) has published the theoretical calculation on aureole problems where he has also calculated the extinction coefficient of the atmosphere including various types of arosole particles.
These are shown in Fig. 10 . Comparing the curves with our observed ones, we cannot find any types of model atmosphere that can reproduce correctly the observed results. It seems that the real atmosphere is not the simple one that was assumed here but a complex one which is composed of at least two types expressing on one hand the tendency of the ultra-violet and violet regions and on the other hand the region of longer wave length.
Concerning the anomalous decrease of extinction in the ultra-violet region that was observed by E. PETTIT at Mt. WILSON, the authors venture to say that it was 1961On the Measurement of Atmospheric Extinction of Solar Radiation69 caused by the experimental error due to stray light in the instrument. According to our experience it is very difficult to be free from stray light in the ultra-violet region when the optical instrument of the single prism type is used.
Anyhow further experimental proof is hoped for in future.
b) Skylight characteristics at very low altitudes of the sun Turning to the observed results of skylight shown in Fig 8. 1 a) -1 d) the curve of the ultra-violet region at the lowest sun's elevation is noted. The characteristic feature is the tendency for the intensity to increase with the decreasing zenith angle, i. e. with coming off the sun.
We could not see such feature in any other solar elevation. Considering that the effect of multiple scattering becomes more and more predominant as the wave length becomes shorter and also the sun's elevation becomes lower, it is conceivable that this effect could be explained as the result of multiple Rayleigh scattering. So we have carried out the calculation of skylight using the method of radiative transfer in order to reproduce this observed tendency theoretically.
The formulae used are those described in the book of " Radiative Transfer " or other theses written by S. CHANDRASEKHAR (1951 CHANDRASEKHAR ( ), (1954 . The detailed procedure of calculation will be described in the Appendix.
The calculated values were reduced to relative ones expressing the value of 2° as a unit and were plotted in Fig. 8 . respectively corresponding to the observed wave lengths approximately.
So far as the curve of the ultra-violet region is concerned, it may be said that the observed tendency has been well reproduced,
showing the increase of intensity as it comes off from the sun just as the observed one.
But in general the agreement of theory with observation is not good concerning the other wave lengths, and even in the ultra-violet region the case is the same. However, considering that our calculation is restricted to the Rayleigh scattering, this is not surprising. We should wait until we can take into account the effect of dust scattering.
c) Skylight: aureole
Regarding the other curves at higher elevations of the sun a few analyses were given by means of the calculation of K. BULLRICH (1952) with some modification. As to the method of this sort of calculation, an excellent case is reported, by D. DEIRMENDJIAN (1956) , and apparently we should use this latter method, but because the results of this calculation is restricted to higher sun elevations than ours, we adopted Bullrich's calculation at this preliminary stage, leaving the study of the more rigorous theory in future.
BULLRICH'S formula is that of the primary scattering in the mixed atmosphere including Rayleigh and Mie scattering.
In the calculation of Mie scattering, he assumes the inverse fourth power size distribution of dust particles proposed by JUNGE (1952) and also in the calculation of scattering functions he uses the results of HoLL (1946 ), (1948 ) and E. de BARY (1952 for the range of small radius of dust particles, i. e. a= 0 -15, and for a larger region, i. e. 90>a>15, he uses the results of WIENER (1900), (1909), the diffraction calculation.
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On carrying out the computation we gave some modification to his formula, introducing the term of multiple Rayleigh scattering. A detailed account of the process will be given in the Appendix.
The results are shown in Fig. 8 (4 b) --, (4 d) , together with the corresponding observed curves.
Here agein they are given in terms of the value at 2° of scattering angle as a unit.
We cannot discuss in detail by this limited example of calculation.
But nevertheless we can see some characteristics of the observed aureole curves.
At first sight the observed curves show a marked deviation from the theoretical ones, giving a steeper gradient in any of the calculated wave lengths than the theoretical curves.
Perhaps this discrepancy could be reconciled by adopting the suitable values of C1, namely by adjusting the amount of dust particles.
But looking at the feature in more detail, we can find essential difference between the curves of theory and of observation, that is, the theoretical curves give a convex feature whereas the observed ones give rather a concave feature.
The authors think that this characteristic is due to the difference in the size distribution of dust particles between theory and observation.
The existence of a greater predominant amount of large dust particles than those of the inverse fourth power law may be the cause of this tendency, increasing the intensity of scattered light in the nearer part of the sun.
It will be reasonable when we recall the spectral chracteristics of the deviation of observation, from theory in the curve of the extinction coefficient as shown in Fig. 9 . , The theoretical curve of the inverse fourth power law of size distribution give a straight line inverse 1st power of wave length, whereas actual observation gives a flat tendency in the region of wave lengths, suggesting the more predominant role of larger particles. The authors wish to give more quantitative discussions about these features in future.
Concluding remarks
Although the observation and analysis developed in this paper is a preliminary one, some interesting features could be pointed out regarding the observed results of the sun's aureole and the atmospheric extinction of sunlight.
There is a remarkable increase toward short wave lengths in the ultra-violet region and also a comparatively flat plateau in the visible region in the spectral distribution of atmospheric extinction.
The anomalous increase of transmission in the near ultra-violet that was pointed out by DEIRMENDJIAN and others could not be observed.
The characteristic feature of the aureole distribution in the ultra-violet at low sun elevation can generally be explained by the theory of multiple Rayleigh scattering. The values of p were chosen so as to represent the directions of the altitude of 2, 3, 4, 5, 6, 10, 20 and 30 degrees higher than that of the sun. Results are shown in Table 1 .
2) Computation of scattered light in the atmosphere including dust particles.
Bullrich's formula of scattered light including both Rayleigh and Mie scattering is essentially that of primary scattering and is written as follows,
Here : ix, is the intensity of scattered sky light coming in the solid angle of a certain direction Jox, the extra-terrestrial flux of solar radiation in are air masses regarding the direction of measurement and that of the sun respectively ax, the extinction coefficient of the mixed atmosphere f (cc), scattering function of the mixed atmosphere aRA, extinction coefficient due to molecular (Rayleigh) scattering CD,scattering angle integrated scattering cross section with respect to inverse fourth power law of dust particles, which varies chiefly by the refractive index of particles. 11,, height of the homogeneous dust atmosphere C1, constant of the amount of dust particles )2(c0), scattering functions of dust particles A table of f(cc) is given in Bullrich's paper when C1=4 10-12, HD 1250 m at the wave lengths of 2 = 0.40 p, 0.55 p and 0.7 p respectively.
However we can compute the intensity due to multiple Rayleigh scattering without difficulty using the formula of previous section.
So we have taken the following procedure. First the intensity of primary scattering in the mixed atmosphere is calculated by means of the equation (4) and (5). Next the values at C1=0 are computed. Subtracting the latter from the former we obtain the intensities due to dust particles only. Finally adding to it the calculated values of multiple Rayleigh scattering we can arrive at the result includihg multiple Rayleigh scattering and primary Mie scattering both.
Regarding the condition of computation, M and m are chosen so as to correspond to the solar elevation of 30° and the sky light directions of 2, 4, 6 and 10 degrees higher elevation than it in the sun's vertical plane.
The values of ax were read graphically from Bullrich's curves each corresponding to the wave length mentioned above.
The wave lengths chosen for the calculation of multiple Rayleigh scattering are 0.35 p, 0.53 p and 0.63 p respectively and there is somewhat a deviation from those used in Bulirich's formula. Despite of this awkwardness which comes from the lack of necessary numerical tables, it will suffice to see the general feature of theoretical results. In the 1st column are written the contribution of Mie particles which were calculated as a subtraction of a limiting case (C1=-0) from that of the mixed atmosphere in Bullrich's formula.
In the 2 nd column are written the contribution of molecular scattering inculding all orders of scattered light that were calculated according to Chandrasekhar's formulae. In the 3 rd column are written the sum of the above mentioned two terms.
